To determine whether subtumoral injection of radiocolloid is useful for lymphoscintigraphic visualization of the internal mammary node and in sentinel lymph node (SLN) biopsy of the axilla in breast cancer patients.
Summary Background Data
The presence of retromammary lymphatics connecting to the axillary and internal mammary basins has been demonstrated by early anatomic studies. Thus, it is hypothesized that some lymph, especially that from the parenchyma under the tumor, may drain into both the axillary and internal mammary basins.
Methods
Patients (n ϭ 196) with T1-2, N0 breast cancer underwent preoperative lymphoscintigraphy with radiocolloid (technetium 99m tin colloid) injection into various sites of the breast, followed by SLN biopsy using the combined method with blue dye. Patients were divided into four groups: group A (n ϭ 41), peritumoral injection of both radiocolloid and blue dye; group B (n ϭ 70), periareolar radiocolloid and peritumoral blue dye; group C (n ϭ 45), intradermal radiocolloid and periareolar blue dye; and group D (n ϭ 40), subtumoral radiocolloid and intradermal blue dye. A retrospective analysis of 1,297 breast cancer patients who underwent extended radical mastectomy with internal mammary node dissection was also conducted to determine the relationship between vertical tumor location (superficial or deep) and frequency of axillary and internal mammary node metastases.
Results
One patient (2%) in group A, 3 (4%) in group B, 0 (0%) in group C, and 15 (38%) in group D exhibited hot spots in the internal mammary region on lymphoscintigraphy (P Ͻ .001, group D vs. the other groups). The concordance rate of radiocolloid and blue dye methods in detection of SLNs in the axillary basin was significantly lower in group D than in the other groups. In contrast, the mismatch rate (some SLNs were identified by radiocolloid and other SLNs were identified by blue dye, but no SLN was identified by both in the same patient) was significantly higher in group D than in the other groups. In patients treated with extended radical mastectomy, positivity of axillary and internal mammary metastases was significantly higher in patients (n ϭ 215) with deep tumors than those (n ϭ 368) with superficial tumors. ever, because randomized trials failed to demonstrate the efficacy of IMN dissection in improving prognosis. [1] [2] [3] Since then, the IMN has been virtually ignored for two decades. However, recent development of the sentinel lymph node (SLN) biopsy technique has renewed our interest in the IMN, as focal accumulation of radioactivity in the IMN region is occasionally visualized in preoperative lymphoscintigraphy for SLN biopsy, 4, 5 and because such information is considered valuable in deciding the indication for biopsy or adjuvant radiotherapy of the IMN. 6 According to earlier studies of lymphatic anatomy, some lymph from the breast gland is transported through the lymphatics penetrating the pectoralis major muscle into the internal mammary basin. 7, 8 In our experience of SLN biopsy using peritumoral injection of blue dye, we have sometimes identified several blue-stained lymphatics penetrating the pectoralis major muscle when dissecting the breast parenchyma from the muscle. 9 In addition, Haagensen described another important lymphatic route from the breast comprising a vertical group of lymphatics extending from the dorsal surface of the breast to the axillary basin through the retromammary space. 10 Taken together, these observations lead us to hypothesize that some lymph, especially that from the parenchyma under the tumor, drains into both the IMN and axillary node. To test this hypothesis, we performed preoperative lymphoscintigraphy followed by SLN biopsy with injection of radiocolloid into the parenchyma underneath the tumor in breast cancer patients.
PATIENTS AND METHODS

Patients
After obtaining informed consent, 196 patients with T1-2, N0 breast cancer were enrolled in this study in the Department of Surgical Oncology, Osaka University Hospital, during the period August 1998 to December 2001. The study was approved by the Institutional Review Broad of the Osaka University Medical School. Patients who were pregnant or had previously been treated with radiotherapy or chemotherapy were excluded. This study was composed of four groups: group A (41 patients) received peritumoral injection of both radiocolloid and blue dye, group B (70 patients) received periareolar injection of radiocolloid and peritumoral injection of blue dye, group C (45 patients) received intradermal injection of radiocolloid and periareolar injection of blue dye, and group D (40 patients) received subtumoral injection of radiocolloid and intradermal injection of blue dye. Patient characteristics are summarized in Table 1 . The four groups were similar with respect to age, menopausal status, tumor size, tumor location, biopsy type, and histology.
A retrospective study of 1,297 breast cancer patients who underwent extended radical mastectomy with IMN dissection at Osaka Medical Center for Cancer and Cardiovascular Disease between May 1962 and January 1997 was conducted to determine the relationship between vertical tumor location (superficial or deep) and the frequency of axillary and IMN metastases.
Injection of Radiocolloid
On the day before surgery, 30 to 80 MBq technetium 99m ( 99m Tc) tin colloid (Nihon Medi-Physics Co., Hyogo, Japan) in sterile saline (total volume 1-2 mL) was injected into four different sites (peritumoral, periareolar, intradermal, or subtumoral) after local anesthesia with 0.5 to 2 mL of 1% lidocaine. Peritumoral injection was placed at 3, 6, 9, and 12 o'clock positions into the parenchyma surrounding the tumor, at the same level as the tumor but not underneath the tumor. Periareolar injection was placed at 3, 6, 9, and 12 o'clock positions around the areola, and each injection was composed of a first intradermal injection of 0.25 mL radiocolloid or blue dye followed by a second subdermal injection of the same volume, as previously described. 9 Intradermal injection was placed, raising a wheal, at 3, 6, 9, and 12 o'clock positions into the skin overlying the tumor. Subtumoral injection was placed into one site of the parenchyma underneath the tumor (near the dorsal surface of the breast) using ultrasonographic guidance.
Lymphoscintigraphy
Lymphoscintigraphy was performed 1 to 2 hours after injection of radiocolloid. Anterior-oblique projections were obtained using a large-field stationary scintillation camera. If one or more focal accumulations of radioactivity (hot spots) were visualized, these were assumed to be SLNs.
Biopsy Procedure
With reference to lymphoscintigraphy, a hand-held gamma detection collimated probe (Navigator, US Surgical Co., Norwalk, CT) was used to identify the site of highest radioactivity before marking the skin incision. Just before surgery, 2 mL isosulfan blue dye (1% Lymphazurin, US Surgical Co.) was injected into three different sites (peritumoral, periareolar, or intradermal), and the injection site was massaged manually for about 5 minutes. The SLN was localized with a gamma detection probe, and the radioactivity of the SLN and axillary background (radioactivity of the axillary bed obtained after removal of the SLN) was recorded. SLN (hot) was defined as a lymph node with ex vivo radioactivity (counts per second) measuring at least 400% of that of the axillary background. In vivo radioactivity was not used to define the SLN as it was affected to a varying extent by artifact from the injection site. SLN (blue) was defined as a lymph node partially or completely stained by blue dye, or a lymph node connected to a bluestained afferent lymphatic tract. After surgical excision of the SLN, the axillary bed was resurveyed by the gamma detection probe to confirm the absence of any residual SLN. When the SLN could not be identified or intraoperative frozen-section analysis of the SLN revealed metastases, complete axillary lymph node dissection was performed. Otherwise, SLN biopsy only was performed (without axillary lymph node dissection.
Internal mammary SLN biopsy was performed when high radioactivity in the internal mammary region was detected by the gamma detection probe, corresponding to a hot spot in the internal mammary region by lymphoscintigraphy, but complete IMN dissection was not performed.
Histopathologic Examination
Frozen-section analysis of the SLN in the axilla was performed intraoperatively. The largest cut surface of approximately 2 mm thickness was subjected to frozen-section analysis. Internal mammary SLNs were not submitted for intraoperative frozen section analysis as they were small in most cases. The remaining parts of the axillary SLN or a whole internal mammary SLN were fixed in 10% buffered formalin, processed overnight, and serially sectioned into slices of approximately 2 mm. All slices were embedded in paraffin and examined by hematoxylin and eosin (H&E) staining. All slices were also studied by immunohistochemistry (avidin-biotin-peroxidase method) using an anticytokeratin antibody AE1/3 (Histofine, Nichirei Co., Tokyo, Japan). Metastases were considered positive when a cluster or clusters of immunohistochemically positive cells were identified. Lymph nodes containing scattered positively stained single cells were not considered metastatic. The SLN was diagnosed as positive when the frozen section, paraffin section (H&E), or immunohistochemistry was positive. For histologic examination of the axillary non-SLNs, one representative paraffin section (H&E) was prepared from each lymph node.
In 1,297 patients treated with extended radical mastectomy, axillary nodes and IMNs were examined by one representative H&E section from each lymph node. 
Statistical Analysis
Differences in categorical variables were analyzed by a chi-square test, and differences in the mean values of continuous variables were analyzed by Student t test. P Ͻ .05 was considered significant.
RESULTS
Lymphoscintigraphy
A focal accumulation of radioactivity (hot spot) was visualized by lymphoscintigraphy in 21 (51%), 60 (86%), 39 (87%), and 32 (80%) of patients in groups A, B, C, and D, respectively ( Table 2 ). One patient in group A, three patients in group B, and no patients in group C exhibited hot spots in the internal mammary region. In contrast, as many as 15 patients (38%) exhibited hot spots in the internal mammary region in group D (Fig. 1 ). The incidence of hot spots in the internal mammary region was significantly (P Ͻ .001) higher in group D than in the other three groups.
Four patients with a hot spot in the internal mammary region in groups A and B were found to have axillary lymph node metastases histologically. Biopsy of the IMN corresponding to the hot spot was performed in one of these four patients, and the biopsied IMN was found to be metastatic by histologic examination. In group D, 5 of 15 patients with a hot spot in the internal mammary region successfully underwent IMN biopsy, but no IMN metastases were detected histologically. All of these biopsied IMNs (SLNs in the internal mammary basin) were identified by radiocolloid but not by blue dye. In the remaining 10 patients with hot spots in the internal mammary region in group D, an SLN in the internal mammary basin could not be identified with an intraoperative gamma probe; thus, IMN biopsy was not performed. In group D, hot spots in the internal mammary region were observed regardless of the location of the primary tumor. Of the 15 patients with a hot spot in the internal mammary region, 5 had a tumor in the upper outer quadrant, 5 in the lower outer quadrant, 2 in the upper inner quadrant, and 3 in the lower inner quadrant. Interestingly, all four patients with hot spots only in the internal mammary region had tumors in the inner quadrants, whereas all 10 patients with tumors in the outer quadrants exhibited hot spots in both the internal mammary region and axilla.
Detection of SLN
The detection rate of SLNs in the axillary basin was 90%, 100%, 96%, and 93% in groups A, B, C, and D, respectively. Successful SLN localization was significantly (P Ͻ .05) greater in group B than in other groups. The mean number of excised SLNs was 2.0 (range 1-4), 1.9 (range 1-5), 2.0 (range 1-6), and 2.5 (range 1-6) in groups A, B, C, and D, respectively. SLNs in the axillary basin were divided into four categories according to the technique by Retromammary Lymphatic Pathway to Internal Mammary Basin which the SLN was detected on a patient basis: SLNs detected by both radiocolloid and blue dye, radiocolloid but not blue dye, blue dye but not radiocolloid, and mismatch ( Table 3 ). Mismatch means that some SLNs were identified by radiocolloid and other SLNs were identified by blue dye, but no SLN was identified by both in the same patient.
There was no significant difference in the frequency of SLNs identified by both radiocolloid and blue dye between groups A, B, and C, but the frequency was significantly (P Ͻ .001) lower in group D (35%) than in the other three groups. In contrast, the incidence of mismatch was significantly (P Ͻ .001) higher in group D than in the other three groups.
Of the patients in whom SLNs could be detected in the axillary basin, lymph node metastases were identified histologically in 6 (15%), 19 (27%), 9 (20%), and 13 (33%) in groups A, B, C, and D, respectively (lymph node metastases were identified only by immunohistochemistry in 5, 2, and 3 patients in groups B, C, and D, respectively).
Relationship Between Vertical Tumor Location (Superficial or Deep) and Frequency of Axillary and IMN Metastases in Patients Treated With Extended Radical Mastectomy
Patients with T1-2 tumors were classified into two groups depending on the vertical tumor location: tumors located in the superficial portion of the breast gland (superficial tumor group, n ϭ 368) and in the deep portion of the breast gland (deep tumor group, n ϭ 215). The superficial tumor group was defined by the presence of tumor invasion to the subcutaneous fat of the breast, and the deep tumor group was defined by the presence of tumor invasion to the retromammary fat. Patients with tumor invasion to both subcutaneous and retromammary fat, and those without tumor invasion to either areas, were excluded from this analysis. Patient characteristics in the superficial and deep tumor groups are summarized in Table 4 . The two groups were similar with respect to age, menopausal status, tumor size, tumor location, and histology. Positivity for axillary node metastases and IMN metastases was significantly (P Ͻ .01 and P Ͻ .05, respectively) higher in the deep tumor group than in the superficial tumor group (Table 5 ).
DISCUSSION
Recently, many studies have focused on the development of an optimal SLN biopsy technique using various sites for radiocolloid injection; that is, peritumoral (intraparenchymal surrounding the tumor), 11, 12 intradermal, 13 subdermal, 14 subareolar, 15 periareolar, 9 and intratumoral. 16 These studies appear to indicate that both the identification rate of the SLN and the false-negative rate are essentially similar regardless of the injection site. Thus, it has been considered that radiocolloid, wherever injected, flows to the same SLN in the axilla. 15, 17 Borgstein et al. have stated that the breast functions as a single biologic unit and that the skin and parenchyma of the breast share a common lymphatic drainage pathway to the axillary basin. 18 On the other hand, it has been reported that lymphoscintigrams obtained after peritumoral injection of radiocolloid occasionally reveal a hot spot in the internal mammary region, 4,17,19 -23 whereas in contrast, lymphoscintigrams obtained by dermal (intradermal or subdermal) injection of radiocolloid rarely exhibit hot spots in the internal mammary region 14, 17, 20, 24 (Table 6 ). Martin et al. reported that the lymphoscintigraphic visualization rate of hot spots in the internal mammary region was significantly higher after peritumoral injection of radiocolloid than after intradermal in- jection. 17 Similarly, Veronesi et al. reported that only 1% of patients exhibited hot spots in the internal mammary region after subdermal injection of radiocolloid. 14, 24 Moreover, Roumen et al. compared peritumoral with intradermal injection in the same patients and showed that the hot spots in the internal mammary region visualized after peritumoral injection could not be visualized after intradermal injection. 20 These results suggest that the dermal lymphatic flow rarely directs to the internal mammary basin, but that some peritumoral (intraparenchymal) lymphatic flow can travel to it. 25 Most breast parenchymal lymph is considered to flow to the axillary basin through the superficial lymphatics (super-ficial pathway), as there is a rich communication between the dermal and parenchymal lymphatics. It is speculated, however, that some breast parenchymal lymph, especially in the deep portion of the breast, might flow to the internal mammary basin via the retromammary lymphatics (retromammary pathway). 7, 8, 10 To investigate this hypothesis, we have performed the present study in which radiocolloid was injected into various sites, including the parenchyma underneath the tumor. The detection rate of hot spots in the internal mammary region by lymphoscintigraphy was significantly higher in the subtumoral injection group than in the peritumoral, periareolar, and intradermal injection groups, indicating the presence of lymphatic flow from the deep portion of the breast to the internal mammary basin.
The concordance rate of radiocolloid and blue dye methods in the detection of SLNs was similar between groups A, B, and C (see Table 3 ), in which radiocolloid and blue dye were injected peritumorally, intradermally, or periareolarly, respectively. Thus, lymph from the peritumoral breast parenchyma, dermis above the tumor, and areola is considered to mostly flow into the same SLN via the superficial pathway. In contrast, the subtumoral injection group showed a significantly lower concordance rate. Since blue dye was injected intradermally in the subtumoral injection group (group D), these results suggest the presence of a lymphatic pathway (retromammary pathway) from the deep portion of the breast to the axillary basin, which is distinct from the superficial pathway. The significantly high incidence of mismatch of radiocolloid and blue dye methods in the detection of SLNs in the subtumoral radiocolloid injection group is noteworthy in consideration of the reason for false-negative results in SLN biopsy. False-negative results are most problematic in SLN biopsy because they lead to incorrect nodal staging and thus to inappropriate decisionmaking about adjuvant therapies. 26 In the learning phase, most false-negative results are caused by technical failures. 27 As surgeons gain sufficient experience, the falsenegative rate usually decreases gradually to a low level of around 5%, but never to 0% even in the hands of skillful surgeons. 28, 29 We feel that this phenomenon can be explained, at least in part, by our findings that there are two different lymphatic pathways to the axillary basin; that is, superficial and retromammary pathways. Since radiocolloid and/or blue dye are injected peritumorally, intradermally, or Retromammary Lymphatic Pathway to Internal Mammary Basin periareolarly in routine SLN biopsy, SLNs receiving lymph via the superficial pathway can be detected, but SLNs receiving lymph via the retromammary pathway cannot. Thus, if tumor cells metastasize to the axillary basin via the retromammary pathway but not the superficial pathway, routine SLN biopsy, which can detect only SLNs receiving lymph via the superficial pathway, is very likely to lead to a false-negative result. However, the fact that the falsenegative rate is generally very low (Ͻ5%) appears to indicate that, in most cases, tumor cells metastasize to the axillary basin through the superficial pathway, or that SLNs receiving lymph via the superficial pathway and SLNs receiving lymph via the retromammary pathway are identical. Nonetheless, our present findings suggest the possibility that SLN biopsy using subtumoral injection (retromammary pathway) of radiocolloid in combination with peritumoral, dermal, or periareolar injection (superficial pathway) might be clinically useful in eliminating false-negative results. Tumors located superficially within the breast gland mostly disseminate tumor cells through the superficial pathway to the axillary basin. In contrast, tumors located deep in the breast gland are speculated to disseminate tumor cells through both the superficial and retromammary lymphatic pathways-that is, the superficial pathway carries tumor cells to the axillary basin and the retromammary pathway carries tumor cells to both the axillary and internal mammary basins. To verify this speculation and to elucidate the clinical significance of these two pathways in the establishment of axillary and IMN metastases, we investigated the relationship between vertical tumor location (superficial or deep) and the frequency of axillary and IMN metastases in breast cancer patients who underwent extended radical mastectomy with IMN dissection. We showed first that axillary lymph node positivity was significantly higher in the deep tumor than the superficial tumor group and second that IMN positivity was also significantly higher in the deep tumor than the superficial tumor group (see Table 5 ). The first observation is consistent with our speculation that deep tumors use both the superficial and retromammary pathways to the axillary basin, whereas superficial tumors use only the superficial pathway. The second observation is also consistent with our speculation that the retromammary pathway is more important in the establishment of IMN metastases than the superficial pathway.
Under physiologic conditions, dermally injected radiocolloid usually drains to the axillary basin but not to the internal mammary basin; however, it can drain outside the axilla when the main flow to the axillary basin is blocked by gross lymph node metastases. In the present study of 1,297 patients treated with extended radical mastectomy, IMN metastasis positivity was consistently significantly (P Ͻ .0001) higher in axillary node-positive patients (35.4%) than in axillary node-negative patients (4.4%) (data not shown). Moreover, all three patients who received periareolar radiocolloid injection and exhibited internal mammary region hot spots had massive involvement of the axillary lymph nodes. Halsell et al. also reported that obstruction of lymphatic vessels to the axilla resulted in collateral flow to extra-axillary sites. 30 Under such nonphysiologic conditions, even dermally injected radiocolloid can flow into the internal mammary basin.
Uren et al. reported that the peritumoral injection of 99m Tc-antimony sulfur colloid resulted in a high incidence (35%) of IMR hot spots by lymphoscintigraphy (see Table  6 ). 19 The behavior of radiocolloid is strongly dependent on particle size. 31 A small particle colloid can easily pass into Table 6 . STUDIES OF SENTINEL LYMPH NODE BIOPSY USING RADIOCOLLOID the lymphatics, but the risk of labeling the non-SLN increases over time and the colloid is retained in lymph nodes for only a short time. The particle size of 99m Tc-antimony sulfur colloid (ranging from 3-12 nm) is almost identical to that of 198 Au colloid, which was used in earlier studies that revealed internal mammary region hot spots in all cases. 8 Uren et al. 19 also reported hot spots in the supraclavicular region in 12% of patients. Therefore, the particle size of 99m Tc-antimony sulfur colloid is considered too small for use in SLN biopsy. In the current study, we used 99m Tc-tin colloid. The particle size of 99m Tc-tin colloid (ranging from 400 -5,000 nm) is larger than that of 99m Tc-sulfur colloid (ranging from 50 -1,000 nm), which is commonly used in the United States but is not commercially available in Japan. A large-particle colloid does not enter the lymphatics easily, but once trapped in the lymph node, it is retained for a relatively long time, and the risk of labeling the non-SLN is low. Studies using injection of 99m Tc-sulfur colloid or 99m Tc-tin colloid into the peritumoral parenchyma reported that internal mammary region hot spots were detected in no more than 20% of patients. The particle size of 99m Tc-colloidal albumin is smaller than that of 99m Tc-sulfur colloid and 99m Tc-tin colloid but larger than that of 99m Tc-antimony sulfur colloid. Accordingly, a few studies using 99m Tc-colloidal albumin reported internal mammary region hot spots in more than 20% of the patients (see Table  6 ). Another technical issue that can affect the frequency of internal mammary region hot spots is how the radiocolloid is injected peritumorally. Radiocolloid is usually injected into the breast parenchyma surrounding the tumor at the same level of the tumor, but not into the parenchyma underneath the tumor. It is, however, possible that the radiocolloid can be accidentally injected into the parenchyma underneath the tumor. Thus, technical differences in radiocolloid injection might partially explain the variation in the frequency of internal mammary region hot spot detection, although the injection technique is not described in detail in most reports.
Four percent to 18% of breast cancer patients with negative axillary nodes are known to have IMN involvement. 32 SLN biopsy in the internal mammary basin would be especially useful for these patients since their prognosis is underestimated if only an axillary SLN biopsy, but not an internal mammary SLN biopsy, is performed. However, before clinical application of internal mammary SLN biopsy, a study (involving SLN biopsy followed by complete IMN dissection) is required to confirm that internal mammary region hot spots actually correspond to the internal mammary SLN that accurately reflects the nodal status of this basin. In addition, our low intraoperative identification rate (33%) of the internal mammary SLN, even in cases where the internal mammary region hot spot was visualized by lymphoscintigraphy, remains a problem, as the axillary SLN can be identified intraoperatively in almost all cases where the axillary hot spot is visualized by lymphoscintigraphy. We speculate that the retention time of radiocolloid differs between the axillary and internal mammary SLNsthat is, radiocolloid is retained for a shorter time in the internal mammary SLN than in the axillary SLN. In the present study, the internal mammary SLN biopsy was performed the day after lymphoscintigraphy, whereas the interval between lymphoscintigraphy and the SLN biopsy would be better shortened so as to increase the identification rate of the internal mammary SLN.
Several clinical trials have failed to demonstrate a survival advantage after IMN dissection. [1] [2] [3] However, data derived from these trials may not be readily applicable to current breast cancer patients because of the recent development of effective adjuvant therapies and radiation technology with far lower morbidity than previously. Recently, it has been reported that postmastectomy radiation therapy, including internal mammary field radiation, has significantly improved survival. [33] [34] [35] A multicenter randomized trial investigating the efficacy of radiotherapy to the internal mammary basin (European Organization for Research and Treatment of Cancer No. 22922) is ongoing. We feel that, ideally, treatment of the IMN should be planned on the basis of IMN status diagnosed by SLN biopsy in the internal mammary basin, and subtumoral injection of radiocolloid appears to be useful for this purpose.
In conclusion, our results suggest that there are two main lymphatic pathways, superficial and retromammary, in the breast gland, and that the superficial pathway carries tumor cells to the axillary basin and the retromammary pathway carries tumor cells to both the axillary basin and internal mammary basin. Subtumoral injection of radiocolloid appears to be useful in the detection of SLNs in the internal mammary basin; however, due to its low detection rate of SLNs in the axillary basin, subtumoral injection is unlikely to replace the other injections (peritumoral, dermal, or areolar). Rather, subtumoral injection would better be used in combination with another injection site, preferably dermal or areolar because of their high detection rate of SLNs in the axillary basin compared to peritumoral injection. 9, 17 We anticipate that SLN biopsy using this combined injection method will facilitate diagnosis of axillary and IMN status with greater accuracy and will reduce the incidence of false-negative results.
